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1. Executive Summary:

1.1 Recommendation:

The office of Clinical Pharmacology and Biopharmacetuics found this NDA acceptable.
1.2 Phase 4 Commitments

No Phase IV commitment is applicable for this application.

1.3 Summary of Clinical Pharmacology and Biopharmacetuics Findings

This NDA is for a new combination product containing immediate release FEX HCI 180 mg and
extended release pseudophedrine (PSE) HCI 240 mg for once daily use (Allegra-D 24®).

What is the new Formulation?

The formulation consists of £ )
73" to effect the controlled release of the PSE (Figure 1.3.1). C

1.

Figure 1.3.1 Schematic Illustration of the New Allegra-D 24® Tablet

(

Schematic not to scale:
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What are the Main Findings?

From the submitted studies in this NDA the following conclusions can be made:

e Allegra -D 24 (FEX/PSE 180mg/240 mg) ER tablet is bioequivalent to the marketed
individual components, Allegra® 180 mg and Sudafed® 24 hour, for FEX and PSE,
respectively, following a single dose and at steady state conditions (Figures 1.3.2 and 1.3.3).

Mean FEX and PSE Plasma Concentration-Time Profiles Following a Single Doses of
Allegra-D 24 (Treatment A) or Individual Components (Treatment B) (Study # 1001)

Figure 1.3.2 (FEX) Figure 1.3.3 (PSE)
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e Food with high fat content reduced FEX AUC by 42% and Cmax by 54%, when given at 30
min or 1.5 h after food ingestion (Figures 1.3.4 and 1.3.5)

Effect of Food on FEX (left) and PSE (right) Following at Fasting (A), 30 min (B), or 1.5 h
(C) After High Fat Meals.

Figure 1.3.4 Figure 1.3.5
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The co-administration of grapefruit juice or orange juice reduced the efficacy of FEX as
measured by the histamine induced skin wheals and flares (Figures 1.3.6 and 1.3.7). Also,
based on the pop PK analysis of combined data from both fruit juice, the bioavailability of
FEX appears to decrease by approximately 36% (Table 1.3.1 and Figure 1.3.8).

* However, these studies did not adequately address the effect of fruit juice on the exposure of
FEX. Originally, at the end of Phase Il meeting the Agency recommended to the sponsor to
investigate the effect of grapefruit juice and apple juice on the bioavailability of FEX. The
study protocols to investigate the effect of fruit juice on FEX using skin wheals and flares as
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pharmacodynamic surrogate markers have never been submitted nor have been
recommended by the Agency.

Mean (SD) Wheal and Flare Areas as Percentage of Baseline Value (n=20) (Study # 4141)

Figure 1.3.7

Figure 1.3. 6
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Table 1.3.1. Pop PK Parameters for Combined Data from Both Grapefruit Juice and
Orange Juice
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Figure 1.3.8. Pop PK Analysis (Pooled Clearance Estimate by treatment)
(Studies # 1001 with water, 4143 with grapefruit juice and 4144 with orange juice)
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» There was excellent in vitro in vivo correlation (IVIVC) for the dissolution data for PSE with

12 of 0.998 (Figures 1.3.9 and 1.3.10)

» The proposed in vitre dissolution data based on IVIVC relationship is acceptable to OCPB

(Table 1.3.2)

Figures 1.3.9 and 1.3.10: IVIVC Data

1.3.9 Fraction of PSE Absorbed and 1.3.10 Relationship Between Observed
Fraction Dissolved

and Model Predicted Dissolution
Profiles
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Table 1.3.2 Proposed BE Dissolution Limits for PSE

TIME MINIMUM MAXIMUM
(hr) (%) (%}

3 L 1

7 T 1

Not less than T 3

b
L)

What are the Specifications for Fexofenadine Component of Allegra-D 24?
The following are the sponsor’s proposed method and specifications for fexofenadine:

USP Apparatus II (Paddle)

Speed 50 RPM
Volume 900 ml
Media C B 1
Specification T 3Jat]5min

L Tat45min

From OCPB perspective, the method and the proposed specification are acceptable.
Are There any Safety Concerns For This Formulation?
Overall, there were no safety issues with this formulation. However, these safety observations

are strictly limited to the summary data submitted to OCPB and should not be considered in

anyway as final or complete. For complete safety assessment, please see the Medical Officer’s
‘Teview.

Appears This Way
On Original
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Overall Summary and Conclusions:

Based on all the information submitted, the following main conclusions can be made:

¢ Based on the PK data, the exposure of FEX and PSE following the new Allegra-D 24 ER
tablets justifies its use for once daily administration.

¢ The drug should be given on empty stomach or at least 4 hours after food. Food has a
potential to reduce FEX absorption.

e The studies conducted by the sponsor to investigate the effect of fruit juices on the
bioavailability of FEX are not adequate. Therefore, it is recommended that the sponsor
conduct additional PK studies as a Phase IV commitment.

¢ From the submitted clinical studies on July 19, 2004, it appears that fruit juices such as
grapefruit and orange may reduce FEX exposure and hence efficacy. Therefore, to maximize
the exposure the drug should not be administered with these juices.

e There was excellent IVIVC correlation for PSE in Allegra-D 24.
» The proposed in vitro dissolution method and specifications are acceptable.

Reviewer

Sayed (Sam) Al Habet, R.Ph., Ph.D.
Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaulation II

Final version signed by Emmanuel Fadiran, R.Ph., Ph.D., Team Leader

cc: HFD-570, HFD-870 (Al Habet, Fadiran, and Malinowski), Drug file (Biopharm File, Central
Document Room).
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2.0
Clinical Pharmacology and Biopharmaceutics Review
(Question Based Review-QBR)

2.1 What are the General Attributes of Allegra-D 24

Originally, FEX was approved for seasonal allergic rhinitis in the US at a dose of 60 mg BID on
July 25, 1996 (NDA # 20-625) and subsequently on February 25, 2000 was approved for the
same indication at a dose of 180 mg QD (NDA# 20-872). In addition, the a fixed dose
combination of FEX 60 mg and PSE 120 mg BID product was approved on December 24, 1997
as Allegra-D extended release tablet for the same indication (NDA #20-786). The list of all
related NDA previously submitted by the sponsor for FEX is shown in Table 2.1.1.

Table 2.1.1. Previously submitted NDA for Fexofenadine

Table 3.7 - Lint of Avensis HOAs whi Infomiation on fexofenadine MG
NDA Volume Dosage Form Date Submitied Data Apprroved
NDA 20625  56V121-P1 ALLE GRA capsiies 31 ly 1995 25 July 1956
NDA20-872  S6-V1.26-P1 ALLEGRA tablets 17 July 1998 25 Fabruary 2000

NDA 20-788 58-V1.15-P1 ALLEGRA-[I tablets 20 Decerrhar 1996 24 Dacembar 1887

Therefore, this NDA can be considered as an extension of the currently marketed Allegra-D
fixed dose combination tablet. There are three main differences between the two products:

a) Allegra-D approved for twice daily administration, whereas Allegra-D 24 is proposed for once
daily administration.

b) The total dose in the new product for each component (180 mg/240 mg) is 2-3 times higher
than the currently approved dose for Allegra-D (60 mg/120 mg).

c) The formulation technology is different in each product. For Allegra-D 24, PSE component is
slowly released from the tablet i o -1 while immediate
release L 7 technology is used for the release of FEX from the tablet — (see details below).
This release technology was not used in the development of the currently approved Allegra-D
formulation.

C:\dmautop‘temp'reviewfinal doc 9




2.1.1 What is the Relevant Communication to the NDA?
A. End-of-Phase II Meeting:

An End of Phase II meeting was held with the sponsor on January 29, 2002 (IND# 48,486). From
the clinical pharmacology perspective, the following main comments were conveyed to the
sponsor at that meeting:

» The inclusion of female subjects in the proposed studies (the sponsor proposed exclusion of
females).

* The sponsor was advised to use the final to-be-marketed formulation in the proposed studies,

otherwise a link would be necessary.

Collecting blood samples for the determination of C,.

Monitoring appropriate safety endpoints.

Optimizing the dissolution method with specifications for each component.

The sponsor was advised to conduct the BE study following a single and multiple doses and

the food effect study after a single dose.

The 90% CT for Cmax in the effect of food study should be set to 80%-125%.

It was recommended to the sponsor to study the effect of grapefruit juice and apple juice on

the bioavailability of fexofenadine.

e The sponsor was advised to open a new IND for Allegra-D 24. This is because the drug
release technology in the new formulation is different from that of the currently approved
Allegra-D. Therefore, in early 2003, the sponsor opened a new IND with a pivotal
bioequivalence study (#66,289, N00O)

B. Pre-NDA Meeting

The Pre-NDA meeting was held with the sponsor on August 27, 2003. From OCPB perspective,
here are the main comments:

* In addition to other PK parameters listed in the proposed format, the sponsor was requested
to also include Tmax and T % for each component following a single dose and at steady state
(Cav), and degree of fluctuation (Cyax—Cuin /Cav) for each component.

¢ IVIVC should be validated before it can be used to set dissolution specifications.

2.2 What is the General Clinical Pharmacology?
What is FEX as Drug Substance?
FEX is the only active ingredient in Allegra marketed products. Pharmacologically it is classified

as histamine Hl-receptor antagonist. FEX is the major active metabolite of terfenadine. It has a
molecular weight 538.13. Its cherical structure is as follows:
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«H

FEX HC1
What is PSE as Drug Substance?

PSE is an orally active sympathomimetic amine and exerts a decongestant action on the nasal
mucosa. PSE is recognized as an effective agent for the relief of nasal congestion due to allergic
rhinitis. PSE produces peripheral effects similar to those of ephedrine and central effects similar
to, but less intense than, amphetamines. The molecular weight of PSE is 201.70 and its chemical
structure is as follows:

H __g-l T s Hel

S

PSE HC1

2.2.1 What are the PK Characteristics of FEX and PSE?

In the current NDA, no new efficacy or safety studies have been conducted with Allegra-D 24
formulation. The PK and bioavailability (BA) of FEX have been evaluated in 21 clinical studies
in NDA 20-625 and 15 clinical studies in NDA 20-872 (Table 2.2.1.1). The absorption and drug-
drug interaction information derived with the combination of 60 mg FEX and 120 mg PSE have
been also evaluated in 5 clinical studies in NDA 20-786.

Table. 2.2.1.1 List of Sponsor’s NDAs with Relevant PK Information to FEX

T
' Tabie §2 Lk of Avenlis MDA ik it {nfvmalion on Scnidine HE|
NDA Volema Doxngs Form Dats Bulftied Oxts Approvad

NDANED GNP ALFGRAmmues | 31 Ady 1955 2 Uy 1985
NDAXET? ESVIBP!  ALFGRAWMeE  Ak138 29 Fabuary XID

NDAXNLTBE  B6-V1.16-P1  ALLEGRADhbR  XDecsmber 1995 24 Decambar 1997

Adoo ejqissod iseq

The relevant PK results and conclusions from the previous NDAs are summarized below:
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A.FEX

The PK in patients with seasonal allergic rhinitis is similar to those in healthy subjects.
Tmax occur with 1 to 3 hours
Mean half life is 14.4 hours.
Percent binding to plasma proteins range from 62-70%.
Exhibits linear PK over the dose of 120 mg BID. A slight departure from dose
proportionality with respect to single dose and steady state Cmax and single dose AUC was
observed for the 240 mg dose.
¢ Excretion: 80 % and 11.5 % excreted in the feces and urine, respectively. Biliary and renal
excretions are considered to be the principal routes of elimination.
As expected, FEX Cmax in patients with severe renal impairment increases by 111%.
The drug undergoes minirmal metabolism. Therefore, hepatic impairment has little effect on
the disposition and/or exposure of FEX.,
¢ Exists in a racemic mixture of two enantiomers (R{+)/S(-) isomers) with a ratio of 62:38.
This ratio is independent of time or dose.
¢ Ketoconazole and erythromycin increase the systemic bioavailability of FEX by
approximately 159% and 103%, respectively.

B. PSE

® One compartment PK.

e Percent of plasma protein binding is unknown.
-

Extensively distributed into extravascular sites (apparent volume of distribution between 2.6
and 3.5 L/kg).

Minimal hepatic metabolism (less than 1%)
Mainly undergo N-demethylation to the active metabolite norpseudoephedrine.
Excreted mainly unchanged in urine (43% to 96%).

Half life depends on urine pH as follows. The half life range from approximately 2 hours at a
pH 5 to 20 hours at pH 8.

2.2.2 What is the Rational for the Combination Drug Products?

Allegra-D is an antihistamine/decongestant for the relieve of seasonal allergic rhinitis (SAR) and
idiopathic urticaria in adult and children >12 years of age. The sponsor is seeking approval of
Allegra-D 24 (QD) for the same indication as for Allegra-D (BID).

It should be noted that, FEX (NDA 20-625, NDA 20-872) and PSE (Final Monograph for
Combination Drug Products; Cold, Cough, Allergy, Bronchodilator, and Antiasthmatic Drug
Products for Over-the-Counter Human Use) as well as the combination of FEX 60 mg + 120 mg
PSE (NDA 20-786) have been reviewed and found to be safe and efficacious at doses including
those recommended for the current FEX 180 mg + PSE 240 mg extended release tablet. As a

result, no nonclinical toxicology/safety studies were performed with this new extended release
tablet.
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2.2.3 What Studies are submitted in the Current NDA?

A. PK Studies

The sponsor submitted three main PK studies and IVIVC analysis. These studies are listed and
summarized in Tables 2.2.3.1 and 2.2.3.2.

From the BE perspective, there were two main studies: a pivotal BE study comparing Allegra-D
24 to its individual components after a single and multiple doses until steady state (study # 1001)
and the other is effect of food study (Study # 1002). There was also a pilot BE study (Study #
KA467). These studies will be summarized in the subsequent sections.

Table 2.2.3.1 List of Studies Submitted in this NDA
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Table 2.2.3.2 Summary of PK Data in this NDA
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B. Clinical Studies:
Effect of Grapefruit and Orange Juice

In July 19, 2004, the sponsor submitted additional studies related to the effect of grapefruit juice
and apple juice on the PK of FEX (Table 2.2.3.3). These studies were originally requested from
the sponsor at the End of Phase II meeting held in January 29, 2002. Therefore, the sponsor was
reminded after the 45 Day filing meeting with a letter dated March 2, 2004. As shown in Table
2.2.3.3 the sponsor submitted studies to evaluate the effect grapefruit juice and orange juice on
the phamacodynamic-PD-(as measured via skin wheal and flare) rather than exposure as measure
by the classical PK parameters (Cmax or AUC). Also the sponsor did not provide information on
the effect of apple juice, but rather used orange juice instead.

Appears This Way
On Criginal
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Table 2.2.3.3 List of Studies Submitted in July 19, 2004 fort the Effect of Juice of the PK of
FEX

Study # Design Monitored Parameters

4141 *Single dose, crossover PD study +Skin wheal and flare
*Grapefruit juice vs water *No PK samples
*N=20 healthy subjects

4143 *Double-blind, single dose, crossover PD study, *Skin wheal and flare
placebo controlled *Sparse blood samples for
*Grapefruit juice vs water Pop PK
*N=23 healthy subjects

4144 *Double-blind, single dose, crossover PD study, *Skin wheal and flare
placebo controlled *Sparse blood samples for
*Orange juice vs placebo
*N=34 healthy subjects

Pop PK Analysis of spares PK samples

Literature | Review of relevant literature

C. Crossed Referenced Studies

e Study# M106455B/3081: This study was completed as part of the previous NDA 20-872 to
support the approval of FEX 180 mg QD. It was a double blind, randomized, placebo
controlied, parallel group study comparing the efficacy and safety of FEX 120 mg and 180
mg QD in the treatment of allergic rhinitis.

¢ The sponsor also included summaries of relevant studies previously submitted under NDAs #

20-625, 20-972, and 20-786.
* Long term safety from the previously submitted clinical study # PJPR0027.
For these studies, please see medical Officer’s review

2.2.4 Does this Drug Prolong the QT or QTc Interval?

No signals for prolongation in QTc intervals were noted in this submission (see also the Medical
Officer’s Review). All QTc issues were addressed in the previous submissions.

2.3 Are there any Intrinsic Factors?
Severe renal impairment may affect the disposition of FEX (see below).
2.3.1. Are there any Intrinsic Factor Affecting Exposure?

There is a potential increase of FEX exposure in patients with renal impairment. These studies
information were reviewed in the original NDA # 20-972.
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2.4 Are there any Extrinsic Factors?

* High fat meals may reduce the absorption of FEX, but has little effect on PSE. The AUC and
Cmax reduced by 42% and 54%, respectively.

e Fruit juices such as grapefruit and orange may reduce the efficacy and possibly FEX
exposure. From the Pop PK analysis of the recent studies submitted by the sponsor in July
19, 2004, the bioavailability of FEX appears to be reduced by 36% based on the meta
analysis of the combined data from both grapefruit and orange juice. In addition, the efficacy
of FEX appears to reduce as measured by histamine induced skin wheals and flares.

* By contrast, ketoconazole and erythromycin increase the systemic bioavailability of FEX by
159 and 103%, respectively.

Studies related to drug-drug interactions were reviewed in the original NDA # 20-972. The effect
of food and fruit juices studies will be discussed in the biopharmaceutics section.

2.5 Biopharmaceutics Issues
2.5.1 What is the Drug Product/Formulation?

The formulation consists of [T

3

Figure 2.5.1.1 Schematic Illustration of the New Allegra-D 24®

C

Schematic net to scale:
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2.5.2 What is the Mechanism of Drug Release?

[

‘ ¢ (Figu_re 2._5.1.1).

tablet includes the active ingredient PSE HCl, USP and sodium chloride (NaCl)

|

The detail description of the formulation used in this NDA is shown in Tables 2.5.2.1 and

2.5.2.2

Table 2.5.2.1 Formulation used in the NDA
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2.5.3 What is the Relative Bioavailability of the Proposed to-be-marketed Formulation
Following a Single Dose Administration Compared to the Reference Products?

The sponsor conducted two BE studies, one pivotal (Study # 1001) and one pilot (Study # 1002).
Only the pivotal study will be briefly discussed below. However, for the pilot study (# 1002),
please see individual study section.

Study # M1064555/1001:

This is a pivotal, single and multiple dose (steady-state) BE study in healthy subjects. This was
two-way crossover study in approximately 70 subjects. Each subject received the following
treatments:

Treatment A (Test): The final to-be-marketed formulation of Allegra-D 24 (fexofenadine
180 mg/pseudoephedrine 240 mg ER) tablet as a single dose followed by once daily dosing
for 6 days under fasting conditions.

Treatment B (Reference): Fexofenadine 180 mg IR (Allegra) tablet and 240 mg
pseudoephedrine (Sudafed® 24 hour, Warner-Lambert) ER tablet coadministered as a single
dose followed by once daily for 6 days.

Blood samples were collected over 72 hours and 24 hours following a single dose
administration and after the last dose on Day 9, respectively. In addition, trough levels were
monitored during the multiple dose phase of the study on Days 4-9. The plasma
concentration of each component was determined in this study.

What are the Main Findings from Study # 1001:

The 90% CI for Cmax and AUC was within 80% to 125% (Table 2.5.3.1)
The plasma concentration-time profiles for FEX and PSE were very similar following all
treatments (Figures 2.5.3.1 and 2.5.3.1).

¢ From this study it can be concluded that Allegra-D 24 hour is interchangeable with Allegra
180 mg and Sudafed 24 hour 240 mg tablets taken individually.

poubio U

ADM SIUL sipaddy
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Table 2.5.3.1 Summary of BE Parameters for FEX and PSE (study # 1001).

Geometric LS Mean Treatmant Comparisons
Paramwter Test[s] Rafarence[a] Mean Ratio [b]
{units) Trt A T8 1%} 20% CI

Faxofenadine

AUC(D-w<),q (ngtvml) 40525 2966.3 102.4 (4.5 -111.1)

Cnex.1 (ng/mL) 569.4 6616 1014 {B9.6 — 114.8)

AUC{0-24) 7 (nghiml) 38310 37265 102.8 (94.5-112.0)

Conax,7 (ng/mi) 631.3 5646 108.0 (96.7 -120.7)

Crrin 7 (PGAML) 15.2 164 926 (84.3-101.7)
Pseudoephedrine

AUC(0-=).1 (ng-hvmL) 7988.1 8536.9 936 (89.8 - 97.5)

Comax1 (RG/ML) aga 7 a70.0 106.4 {102.1 - 110.9)

AUC(0-24) 7 (ng-hVmL)  B490.0 8930.4 95.1 (90.2 - 100.2)

Cmngx 7 {NG/mi) 4880 4721 1034 (87.9-109.4)

Cpuin 7 (PQML) 1673 1628 96.6 (86.3-108.2)

{a] Test (11t A) = Wxolenadine HGE 180 g - peeLdosphedrne HCi 240 my extended-release tatdet.
Rufatence

(Tt B} = marketed fexofenadine HCI 150 mg and paeudoephadring HC! 240 myg tablets.
[b} Ratio = Geomattic LS mean test/ gaometric LS mean reference (A/B).

FEX Plasma Concentration-Time profiles on Day 1 (Single Dose) and Day 9 (Multiple
Dose)

Figure 2.5.3.1 (single Dose) Figure 2.5.3.2 (multiple Dose)
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PSE Plasma Concentration-Time profiles on Day 1 (Single Dose) and Day 9 (Multiple Dose)

Figure 2.5.3.3 (single dose) Figure 2.5.3.4 (multiple dose)
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2.5.4 What is the Effect of Food on the Bioavailability of the Proposed to-be-marketed
Formulation?

Study # M1064555/1002:

This was an open label, three-way crossover, three-way treatment, randomized study to assess
the effect of food on the PK of Allegra-D 24 in 24 healthy subjects. This was conducted using
the final-to-be marketed formulation. All subjects received the following treatments with at least
6 days washout period:

Treatment A: A single dose of Allegra-D 24 under fasting condition.

Treatment B: A single dose of Allegra-D 24 administered 30 minutes after start of 2 high fat
breakfast and according to the FDA guidance.

Treatment C: A single dose of Allegra-D 24 administered 1.5 hour after the start of a high-
fat breakfast.

What are the Main Findings from Study # 1002?

¢ Food reduced the absorption of FEX by 50% (42% for AUC and 54 % for Cmax), regardless
of timing of food ingestion as described in this study (Table 2.5.4.1).
However, food had no effect on PSE component of the Allegra-D 24 (Table 2.5.4.1)
The plasma concentration-time profiles for FEX and PSE with and without food clearly
demonstrate the dramatic effect of food on FEX, but not on PSE (Figures 2.5.4.1 and
2.54.2)

Appears This Way
On Original
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Table 2.5.4.1 Effect of food on FEX and PSE (Treatments: A=fasting, B= 30 min after food,
and C: 1.5 h after food) (study # 1002).

Goeomsdric LS Maan Treatment Comparisons
Parswnter Referance Tast Test Mean
{unite} Tre A [a Tt B [a] Tet C [} Ratio [BI(%) 0% C1
Fexofanadine
AUC{0-<) 39304 22969 29782 B =584 (51.0- 68.9)
(rag-hnl) CIA =554 (48. 3~ 636)
ALC{O-last) 38120 21319 19958 B/A =559 (48.9-63.4)
(il ) C/A=524 (458 - 59.8}
Cmax 825.7 2888 2870 BiA =458 (37.9- 554}
{ngsmL)y CiA=427 (35.3 - 516)
tmae ] 20 25 30 - -
™) I J
Psaudoephedtine
AUG{0-o0) 7683.1 659720 [dj BA =517 {87.8 - 93.8)
{ngy himL}
ALC{0-ast) 75210 67682 [{4)] B/IA =800 (87.1 —893.0)
{ng-himL)
Conax 384.6 3510 [d} BIA =912 (86.2 —98.6)
{ng/mL)
imax [c] a0 120 I - .
{h} C T

fa TrtA: singge fexofennrine HC! 180 mg-paeucosptedrng HEI 240 mg tablet adminiatered under ksating condfiona.
TrtB: single fesolanadine HCT 180 mg-pesucioaphadrins HC| 240 mg tabist sdminishvred 339 min after start of a high-
ot breaidant

TreC: single fasiansding HC! 150 mg-pasicioephedrine HCI 240 mg tabist sdministered 1.5 h afler etart of & high-
fat broakfaat

{b] Ratio = Geomeinc LE mean teat’ gacmelinic LS mean refansnce.
f¢) tmax preserted as madcian and range
1 No dats, pesudcephadnine for Tr C was not cxarntitsed.

Effect of Food on FEX (left) and PSE (right) Following at Fasting (A), 30 min (B), or 1.5 h
(C) After High Fat Meals.

Figure 2.54.1 Figure 2.5.4.2

i

;

Trastman A (N=23}

m
|
i

i Tramiment & (423
—E— Trewtmerst B N=2X3)

rasttwent C (N=232)

e

g
.

]
M

L]
4

Meae faxofenading pissaa oonoentration
8
3 Mo pumclonghio Fiima cocmtnten gl
§

—_ T {1}

C:dmautop\temp\reviewfinal.doc 22




2.5.5 Are there Any Other Food Products that May Potentially Affect the Bioavailability of
FEX?

Yes. Based on literature reports, fruit juices such as grapefruit, organ, and apple juice appear to
reduce the bioavailability of FEX. Therefore, at the end-of Phase II meeting, the Agency
recommended to the sponsor to conduct a PK study to investigate the effect of grapefruit juice
and apple juice on FEX. The sponsor did not submit these studies with this NDA in December
19, 2003 submission. Therefore, the sponsor was reminded again with a memo dated March 2,
2004 after the 45 days filing mecting. Thus, on July 19, 2004, the sponsor submitted the three
studies and one Pop PK analysis report. These studies are briefly summarized below:

2.5.5.1 Study # 4141

What is the Main Objective?

The primary objective of the study was tc investigate if there was an effect of grapefruit juice on
fexofenadine hydrochloride (HCI) inhibition of induced wheal and flare.

How the Study Was Designed?

This was a randomized, open-label, single-dose, single-center, crossover study in 20 healthy
volunteers. There were two treatments with a washout period of 7 days as follows:

‘Treatment Group Period 1 Washout Period 2
A Fexolersadine 180 mg with -+ Fexotanadine 180 mg with
8 or of water B az. of ice
B Feocodenading TH0 My with > r.mrn?ﬁ:%wm
ao;mgwnm B az. of water

What Parameters were Monitored?

¢ No PK samples were collected in this study.
¢ Skin wheal and flare measurements were performed.

/7107 ©|qIssOd 1524

What are the Main Findings from Study 4141?

e Wheal arcas were significantly larger after the administration of grapefruit juice (p = 0.046)
e The geometric mean area under the effect curve (AUEC) for wheal was 0.988 cm2 with

administration of grapefruit juice and 0.687 cm2 without grapefruit juice (Table 2.5.5.1.1
and Figures 2.5.5.1.1 and 2.5.5.1.2).
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Table 2.5.5.1.1 Comparison of AUEC Following FEX With Grapefruit Juice or Water

(Study # 4141)
Geomwiric Mean Arsa
Varlable Grapefrult H2) em® GHR o5% Pvaloe
Julon {eny Canfidence
Interval
Fate 13954 1L710 1.19 Q77185 0421
Wheal 0988 0687 144 1.01-205 {.046

Mean (SD) Wheal and Flare Areas as Percentage of Baseline Value (n=20) (Study # 4141)

Figure 2.5.5.1.1

Figure 2.5.5.1.2
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Conclusions from Study #4141:

e It appears that grapefruit juice increases the wheal and flare areas when administered with

FEX.

¢ Thus, grapefruit juice may increases the histamine release and therefore reduces the effect of

FEX.

e There was a wide variability in the data.

Reviewers Comments on Study # 4141:

¢ From the OCPB point of view, this study was irrelevant to the original request that was made
at the End-of-Phase 2 meeting.
* See also the overall comments at the end of this section related to the effect of grapefruit
juice series of studies.
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2.5.5.2 Study # 4143

What is the Main Objective?

The primary objective of the study was to compare the effect of a single dose of FEX 180 mg
plus grapefruit juice versus placebo plus grapefruit juice on the change from baseline (pre-dose)

in histamine skin flares at 20, 40, and 60 minutes post-dose; then hourly through the first 12
hours post-dose; and 23 and 24 hours post-dose.

What is the Study Design?

This was a randomized, single-dose, single-center, crossover, placebo controlled study in 34

healthy volunteers (Figure 2.5.5.2.1). There were two treatments with a washout period of 14
days as follows.

Treatment A: FEX 180 mg tablet with 8 oz regular strength grapefruit juice
Treatment B: Placebo tablet (matching FEX) with 8 oz regular strength grapefruit juice

Figure 2.5.5.2.1 Scheme of Study Design (Study # 4143)

we)
(]
e Single-dose 4
Teeatment visil Treatnwat Vit -
Baetivn (9]
A
w,
Vis2,3 Vising 8
Visit 1 O
Washnut D
1018 days O
— g
<

What Parameters were Monitored?

Skin wheal and flare measurements were performed at pre-dose, 20 min, 40 min, 60 min, and
hourly through 12 hours with an additional 2 time points obtained at Hours 23 and 24.
4 plasma samples per subjects were collected for pop PK analysis at the following time
points:

o One sample between 0.5 and € hours post-dose during Visit 2.

o One sample at 22-24 hours post-dose on Visit 3

o One sample between 0.5 and € hours post-dose during Visit 4

o One sample at 22-24 hours post-dose on Visit 5

What are the Main Findings from Study 4143?

FEX plus grapefruit juice had significantly greater suppression of histamine induced wheals
and flares than placebo plus grapefruit juice at all time points.

¢ Pop PK analysis will be discussed in a separate section below.
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Conclusions from Study #4143:

¢ FEX with grapefruit juice suppress wheals and flares in a greater extent than placebo with
grapefruit juice.

2.5.5.3 Study # 4144
This is almost a duplicate study as that of study # 4143,

The objective and design of this study was exactly the same as the above study # 4143, except
that orange juice was administered with FEX or its match placebo tablet, instead of grapefruit
juice. The number of subjects was also the same (i.e., 34). Efficacy end points (wheals and
flares) and PK spares sampling time points were also the same as study # 4143, The main results
and conclusions were of similar trend as that of study #4143. Therefore for detail, please see
individual study reports.

Reviewers Comments on Studies # 4143 and 4144:

¢ The observed effects are due to FEX alone rather than grapefruit juice or orange juice.

¢ Specifically for these studies, the sponsor did not adequately test the effect of juices on the
formation of wheals and flares.

¢ The bottom line is that, in these studies, the sponsor tested the effect of FEX on the
suppression of wheals and flares compared to placebo. Therefore, the addition of juices was
of little value in these studies, unless the sponsor included a third arm with water as a
comparator for the juices.

2.5.5.4 Pop PK Report
What Was the Objective?

The main objective of this analysis was to obtain an estimate of the change in FEX exposure
when concurrently administered with grapefruit and orange juice.

How the Analysis were Performed?

The data from the above two clinical studies (# 4143 and 4144) were used for this population PK
analysis. The data from the BE study # 1001 were included in the pooled analysis as control
dataset to provide PK information in a similar population given concurrently with water.

It is important to note that the Pop PK analysis was performed on a combined juice dataset
without regard to type of juice used in the individual study. The reason for this approach is that
the sample size is too smail in each study as well as the data was comparable following both
juices.
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What are the Main Findings from the Pop PK Analysis?

Overall, the relative bioavailability of FEX was reduced by a mean of 36% in the presence of
grapefruit or orange juice (Table 2.5.5.4.1 and Figure 2.5.5.4.1).

Table 2.5.5.4.1 Pop PK Parameters

Bummary of [ exofenadine NONMEM Populaion Paramaier Eatimates

Parameter Estimate 3% Confidence Ioterval
Apparent Clemrsncs without mice offect (1.h) 474 (£3.15. 5165}
A 1 Volome of [hatribution (L} 156 (13464 1T7.3)
[nber-compartmental Clea LA} 111 (3.72. 12144
Petipheral Caray et Volume (L) 164 (13774, 193.26)
Abmr;m:l Rate Comxtunl {por b) 0.5 FIXED +
[ Inter-Sabject Varianos on CL (47 0081
Residnal Vasimoo on CL. {a'} Q083 -
Relatve baosvaslability (piice elloct) 0 (i) (0.52, 0.7}
Notex 1. 95% confidence micrvals calcalared wang fhe by mptotic of ion, Estimate + 1.96 * ST{F simate). 2. Papulabon

poried from the contml strovm, nm. ﬂlmh_mu . which fnchides F1. zelative biaavailability diee to the eitoct of juice.
3 The abaovption rate canstant (Ka) was fixed ot  sulue of 0.5 besed on the results of a previons moobysis. This was bocaazo a same
mmplmg scheme was used in protocots MO16455A4 143 md OGS S5AE 14D, which did nat allow for adequulke chumctenation of the
shuorptian plenc in those sadies.
Supporing Dasn: Table 7

Figure 2.5.5.4.2 Pooled Clearance estimate by treatment
(Studies # 1001 with water, 4143 with grapefruit juice and 4144 with orange juice)
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Overall Conclusions and Comments on all Effect of Juices Studies.

* Based on three studies, it appears that grapefruit juice and organ juice reduce the effect of
FEX.
Both grapefiuit juice and orange juice appears to have comparable effects.
Based on Pop PK meta analysis of the combined data from grapefruit and orange juices, the
exposure to FEX appears to be reduced by approximately 36% with both grapefruit juice and
orange juice.
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¢ The meta analysis of the combined data from both grapefruit juice and orange juice is not
optimal to make adequate determination of the magnitude of the effect from each juice.

¢ The sponsor did not adequately study the effect of grapefruit juice and apple juice on the PK
of FEX as originally recommended by the Agency.

¢ The data from grapefruit juice and orange juice can not be extrapolated to apple juice, unless
the sponsor provides adequate supportive information.

e From OCPB and PK. perspective, the studies provided by the sponsor on the effect of juices
are considered insufficient to conclude adequate effect on FEX exposure.

2.5.5 Is there In vitro In Vive Correlation (IVIVC) for PSE Dissolution Data?

The sponsor conducted IVIVC analysis for PSE component of Allegra-D 24 for the following
reasons:

* To describe the relationship between the in vitro dissolution and in vivo absorption profiles of
PSE from the Allegra-D 24 tablet.

® To assess the internal and external predictability of the in vive behavior of PSE from the
extended release tablet.

¢ To determine the control limits of dissolution specifications for PSE from the extended
release tablet.

Based on OCPB comments at the pre-NDA meeting, the sponsor has validated the TVIVC
method. IVIVC will be used by the sponsor as a tool to determine in-vivo performance from in-

vitro dissolution. For IVIVC analysis the sponsor used the in vivo absorption data from the above
described pivotal BE study (#M016455S5/1001).

How the IVIVC was Performed?

The sponsor followed the Agency’s gnidelines to establish the IVIVC. Hence, it is briefly
described below (for more detail, please see individual study section).

¢ This was carried out using in-vitro dissolution and in vivo absorption data from the test lot
used in the pivotal bioequivalence study #1001. This lot used in this stud was the to-be-
marketed product manufactured at production scale in the commercial product manufacturing
facilities.

* For Level A correlation, a deconvolution method was applied to the PK data followed by
comparison of the fraction of drug absorbed in-vivo to the fraction of drug dissolved in-vitro
(1.e., two-stage procedure).

® In-vifro dissolution data were fitted to a cumulative Weibull distribution function. The
percent of drug released relative to the amount released at infinity was interpolated at each
PK sampling time point in study M0164555/1001.

» The in-vivo absorption profile of PSE (percent absorbed-time curve) was calculated from the
mean plasma concentration-time curve according to Wagner-Nelson method, which assumes
a onc-compartment model with first order elimination rate. A direct linear (1:1) relationship
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was then explored between the in-vitro fractional dissolution rate and the in-vivo absorption
rate.

What are the Main Findings of IVIVC Analysis?

¢ There was a linear relationship between the fraction of PSE absorbed and the fraction of drug
dissolved with 12 = 0.998 and slope of 0.9873 (Figure 2.5.5.1). This is consistent with level
A correlation (point-1o-point relationship).

¢ There was excellent relationship between observed in vitro dissolution data and model
predicted fit (Figure 2.5.5.2).

» The average absolute percent prediction error (%PE) for Cmax and AUC(0-00) was less than
6% when evaluated against internal or external data (Table 2.5.5.1).

* Based on these observations the sponsor proposed BE dissolution limits for PSE as shown in
Table 2.5.4.2.

Figure 2.5.5.1 Fraction of PSE Absorbed Figure 2.5.5.2 Observed and Model and
Fraction Dissolved Predicted Dissolution Profiles
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Table 2.5.5.1 Internal and External Predictability of the IVIVC Model

Parameter Internat Data Internal External Data External
(M0164555/1001) Predictability ~ (M0164555/1002)  Predictability
(%PE) (%PE)
Conax {p2/mL}

Geometric LSM 3784 -(.220, 3832 1.05%

Anthmetic 3936 3.65% 3937 3.68%

Mean Profile 3736 -1.50%, 3857 1.6Y9%

A”C{D_w) (ﬂg*h-'fl"ﬂ L)

Geometric LSM 7826.6 -3.25% 7646 .0 -5.60%;

Arithmetic 82204 1.69% 78553 -2 8%,

Mean Profile 81919 1.35% 78460 -3.00%

Prediction Errors (3PE) Calculated for Predicted vs. Observed Parameters

L5M- {east squares mean

Internal predictability evaluated using data from the test lot of study M0164555/1001
Extemal predictability evaluated using data from the fasted arm of study MO164558/1002

Table 2.5.5.2 Proposed BE Dissolution Limits for PSE

TIME MINIMUM MAXIMUM
thr) (%a) (Va)
3 i 3
7 C 3
23 Not less than .C 7

What are the sponsor’s Justifications for the Proposed Specification?

The sponsor provided analysis based on the Agency’s guidance with Level A correlation,
This type of correlation allows the prediction of the entire time course of the plasma
concentration-time profile of PSE.

The dissolution method was demonstrated to be robust and independent of experimental
conditions such as pH, agitation and medium.

The IVIVC was used was evaluated using internal and external predictability assessments.
Control limits for dissolution specifications were derived based on the IVIVC model and
inter-individual variability information from the pivotal bioequivalence study (#1001).
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Conclusions from IVIVC Analysis:

* Based on the submitted data it can be concluded that IVIVC may be used as a surrogate for
bioequivalence. '

® IVIVC can be used to set the dissolution specifications for PSE proposed formulation in this
NDA.

s The dissolution specifications proposed by the sponsor are acceptable.

2.5.6 What are the Specifications for Fexofenadine Component of Allegra-D 24?

The method and specifications for in vitro dissolution for fexofenadine were discussed at the pre-
NDA meeting held in August 27, 2003. In addition, a detailed description of the dissolution
method was submitted in September 26, 2003. The following is a summary of the sponsor’s
proposed in vitro dissolution method and specifications for fexofenadine (Figure 2.5.6.1 and
Table 2.5.6.1)

USP Apparatus II (Paddle)

Speed 50 RPM
Volume 900 ml
Media L ~ !
Specification € 2atl5min
¢t 7 at45 min

Figure 2.5.6.1 Mean Fexofenadine Dissolution Profile for Fresh (0) and 12 Months Old to-
be-Marketed Tablets (n=6 tablets). (Batch # 1054547/1.0002204). (Source: CMC section
Page 922)

100 -
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0 10 20 30 40 50
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Table 2.5.6.1 Mean (Range) Fexofenadine Dissolution Time Points for to-be-Marketed
Tablets At Different Shelf Time Points (n=6 tablets). (Batch # 1054547/1.0002204). (Source:
CMC section Page 922)

Time (min) Fresh (0) 6 Months 12 Months

10 g0 | 92 \ 74 \

15 89 93 . \ 85 v

30 94 \ 93 \ 90 v
45 95 . \ 93 \ 91 \

It should be noted that there is consistent decrease in % dissolved with shelf life time at all time
points (Figure 2.5.6.1 and Table 2.5.6.1). No information is available on the dissolution beyond
12 months, Therefore, it is unknown what would be the profiles for 24 months or older tablets.
For further detail, please CMC review in refercnce to stability data.

Conclusion:

Based on the above data, from OCPB perspective, the method and the proposed specifications
are acceptable.

2.6 Are there any Analytical issues?
Since the original NDA, no changes have been made to the analytical methodology for the
determination of FEX and PSE. In the current submission, no analytical issues have been

observed.

For the determination of FEX plasma concentrations, an LC-MS/MS method was used. This
method was well validated with a lower limit of quantitation of — ng/mL. In terms of precision,

the %CV for inter and intra-batch analysis range from C J For PSE, an !
i 1 was used. The assay’s lower limit of quantitation was
— ng/mL. The inter and intra-batch %CV range from C |
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3. Detail Labeling Recommendation

From OCPB perspective, the following statements or similar language should be included in the
labels of ALL Fexofenadine containing products. Additional comments will be made directly
into the sponsor’s proposed label jointly with the Medical Officer’s comments. In addition, the
sponsor should consider one of the following options for all fexofenadine products:

1. A single label for all fexofenadine containing products and/or
2. Standardize the format and the contents of all fexofenadine products’ labels.

At the present time, there are inconsistencies in the format and contents among all fexofenadine

labels. The following are edits to OCPB related sections of the proposed Allegra-D 24 hour label
{new information is in red and double underlined and deleted information is strikethrough):
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4.2 Individual Study Review

4.2.1 Study # M1064555/1001:

This is a pivotal, single and multiple dose (steady-state) BE study in healthy subjects. This
was two-way crossover study in approximately 70 subjects. Each subject received the
following treatments:

Treatment A (Test): The final to-be-marketed formulation of Allegra-D 24 (fexofenadine
180 mg/pseudoephedrine 240 mg ER) tablet as a single dose followed by once daily dosing
for 6 days under fasting conditions.

Treatment B (Reference): Fexofenadine 180 mg IR (Allegra) tablet and 240 mg
pseudoephedrine (Sudafed® 24 hour, Warner-Lambert) ER tablet coadministered as a single
dose followed by once daily for 6 days.

Subjects received their first (Day 1) and last (Day 9) doses in each treatment period after a 10-
hour fast, and all food was withheld for at least 4 hours after dose administration. The drug
products used in this study are listed in Table 4.2.1.1.

When Blood Samples Were Collected?

Blood sampies were collected over 72 hours and 24 hours following a single dose administration
and for 48 hours after the last dose on Day 9, respectively (Table 4.2.1.2). In addition, trough
levels were monitored during the multiple dose phase of the study on Days 4-9. The plasma
concentration of each component was determined in this study.

How Safety Was Monitored?

Safety evaluations, including physical examinations, vital signs, ECG, and clinical laboratory
tests, were conducted at screening and end of study.
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Table 4.2.1.1. Drug Products Administered in Study # 1001

Drug Code: MOLo455 MO16455
INna:  fexofenadine HCI fexofenadine H(CY pseudoephedrine HCl
Treatment: A B B
Fornudation: Extended-release Marketed tablet Marketed tablet
iablet containing containing contatning
fexafenadine HCI fexofenadine HC pseudoephedrine HCI
180 my and £80 my 240 mp
pseudoephedring {ALLEGRA®) (Sudafed® 24 Hour)
HC1 240 mg
Manufucturer: Avents Aventis Plizer
Batch/lot PR: BO261 1053229 RR:B0261 a1 16052
ntnsher:
2 INN: International nonproprietary name
Table 4.2.1.2. Study Schedule
oat
Fra study
Bvants Shudy Treatmant Periods 1 and 2 [a) (1:1]
-1 ko -1 4 to 8 10 to
Day -2 Thack-1in 2 3 €3] -] 10 1
Subjacts in clioic fd] X I X 4 I I
Informsd coasant [Rf X 4
Urtne drug sorsen I x
Trina pragnancy I x X
Modified physical axam 1 x
2/vieal siqosfcisaical iabs [£] I X
m,flinp:.t.l.tu B & T tast 4
Davcgraphics £ nedical histary 4
Drug administratien (4] (5] 1] o100 oTa0
{Dailyy
Marrecokinet 1o saplas Predosc (O h} 4700 a0 oo Frudoaa {0 hj oToa
Q730 {£.5m) {24 hl {48 h) tbaily) Q1in (A.5 W) {24 R}
08t {1 ki 1900 QB0 {1 hl
GR30 [1.5 B} ¢36 bi 820 {1.5 h)
0930 (2 ki Q240 {2 bl
120 {3 ni 1082 {3 Wl
iram (& ki 1104 4 W
1309 {& nu} 1180 (& K}
156808 <8 M1 1583 {8 bl
1500 {12 h} 1900 (12 W
2300 1€ n) 2300 (1€ A
Boat
Fra Btudy
Bvata Study Truatment Poriods 1 and 2 [a] ibl
-11 to -1 4 b @ 10 to
Ih]' -2 Chack-1in 1 2 3 tel 3 p i 13
Armakfast - - - - - - -
Iuanch - 1200 1200
Idmar 1800 JEM0 1906
Enack 2190 2140 108
Adversa avoats x x x x X x X x x

[3] Parind 2 started aftar an 2.4y wasbout paricd following tbe last dosa (Iay 9) ir Dariod 1.
[b] Complated withinm 3 <eys after the last pharmacokioubic saspls {Pay 19} in Pariod 2.

[c] Dutpatiant visika.

[d} Oo Days 3 aad 1F of dach Traatsaut Paricd, subjects were Aischarged fyom the clinmic after tha morning procedures.
fa] Joformed comsant aobtained at Traatwent Period 1 chock-fn ooly.
[f] Ciindral fabs Lacloded hanatology, sdrum chamistry. and urinatysis; EV, HR, and rospiratory rate done aftdr S min supine wibh

oral tomperatura.

[q] Nedication given wibh 244 nl watar {watar ad libitum 2 h aftar doee]; subjects Tanatnad uprighk until 4 h aftur doss,

wsorning doso was glven undsr fastihg comditions oove daily from Doy 4 until fay &,

Barly

{h]  Freduse saople ocollacied within 1 h of does oo Day 1; early sorming pharmacekinst i Farples ware takan every noIning prior to

dosing from oy 4 tntdl Iay 6.
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What are the Main Findings from Study # 1001:

e The main data from this study are shown in Table 4.2.1.3 and Figures 4.2.1.1-4.2.1.6)
e The 90% CI for Cmax and AUC was within 80% to 125% (Table 4.2.1.3)

s The plasma concentration-time profiles for FEX and PSE were very similar following all
treatments (Figures 4.2.1.1-4.2.1.6).

* From this study it can be concluded that Allegra-D 24 hour is interchangeable with Allegra
180 mg and Sudafed 24 hour 240 mg tablets taken individually.

Table 4.2.1.3 Summary of BE Parameters for FEX and PSE (study # 1001).

Geometric LS Maan Treatment Comparisons
Parameter Taat[a] Raference[a] Mean Ratlo [b]
{units) Trt A e %) 90% CI
Faxofenadine
ALIC{D-+<), 1 {ng-himL) 4052.5 3956.3 102.4 (945-111.1)
Conas,1 {Ng/mLy 569.4 561.6 1014 (89.6 - 114.8)
ALIC(0-24),7 (ng-himb) 38310 3725.5 1028 (945 -112.0)
Cona,7 {N) 6313 584.6 108.0 {96.7 -120.7)
Crin 7 (NGAML) 162 16.4 926 {84.3-101.7)
Pseudoephediine
ALIC(0-»).4 (ng-h/mL) 7988.1 8536.9 936 (89.8 - 97.5)
Crnax 1 (MQimL) 393.7 3700 106.4 (1021 - 110.9)
ALIC(D-24),r (ng-W/mL) 8490.0 89304 951 (90.2 -~ 100.2)
Comax 7 (nQ/mi 4880 4721 1034 (97.9-109.1)
T 7 (PAL) 157.3 162.8 6.6 (86.3 - 108.2)

{a] Tast (Trt A} = fexolenading HC) 180 my - pesudosphiadring HC| 240 g axtendad-ralsacs tablet.
Referencs (Trt B) = marketed fexolanadine HCI 180 mg and peeudocephedring HCI 240 myg tablebs.
{bi Ratio = Geomalric LS mean test! geomatric LS mean referencs (AB).

FEX Plasma Concentration-Time profiles Following on Day 1 (Single Dose) and on Day 9
(Multiple Dose)

Figure 4.2.1.1 (Single Dose) Figure 4.2.1.2 (Multiple Dose)
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PSE Plasma Concentration-Time profiles o
Dose)

Figure 4.2.1.3 (Single Dose)
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4.2.2 Study # M1064555/1002:

This was an open label, three-way crossover, three-way treatment, randomized study to assess
the effect of food on the PK of Allegra-D 24 in 24 healthy subjects. This was conducted using
the final-to-be marketed formulation. All subjects received the following treatments with at least
6 days washout period:

Treatment A: A single dose of Allegra-D 24 under fasting condition (over night fasting)

Treatment B: A single dose of Allegra-D 24 administered 30 minutes after the start of a
high fat breakfast and according to the FDA guidance.

Treatment C: A single dose of Allegra-D 24 administered 1.5 hour aficr the start of a high-
fat breakfast.

The food was consumed within 25 minutes after start of meals in each arm of the study. Blood
samples were collected over 48 hours post-dose in each treatment period for the determination of
FEX and PSE concentrations in plasma. The drug products used in this study and the blood
samples collection time points are listed in Tables 4.2.2.1 and 4.2.2.2.

Table 4.2.2.1. Drug Products used in this study

Drig Code- MOTG455
Treatments: ABC
NN [a]: faxofanadine HCi
Dosage Form: fexofenadine HCI 180 mg -
pseudoaphadrine HCl 240 mg
extendad-reiaaze tablat
Manufacturer: Aventis Pharma
Lot number: L0022
{s] imemnationsl nonprogriatary name
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Table 4.2.2.2. Study Schedule

Freute F2remning Tivatmanz Fextod Ind of study [g]
-1k ko -2 Cwy -1 ey 3 oy 3 Duy
ia) iheck in 1 aszhuroa

Subtweia bn clinic x x x F3 F3
foicormd codiemnt x 4
Wring f2ug wcrean x b
Fregoanoy Laes b x S x
Modtfind phymical exan % €
FRivical stgnmeclinfosl labe 13 1 F
ATV Hwpal 1 (4 @ & T Lasy %
Twregraghize 4 cel hAwtory x
Trud wd ~ranien AL ]
P oaampiwa fat BTa. 4
Srmakiest if] 20T
tunrch B 1203 T
Diraes legs a5 1850
inmck L] 2100 2182
AduinInk wUERLM S x I x x

Hoten:  Swmrsl sadule sau sbified, mnd the timing 30 (adividual mbiwccr swe stmyzecad to sccomodats climar echedile requitarmnke.
fal  Erwwtudy nipg oanductsd ms rsars shwa 3 osemkr (31 dayur befoen wady wtart and sapleted by Doy -l 2§ Trxesvenss verisd L.
§ Parmle wohjwrta SEN bescicg patent el colys setunk pIeTRany Less pariaraed a1 ECTernung: boioe pregean 7 Cest parEorwed
ai clteci- 1 lu eadh bredtownt geciod.
it clinicsl lubaruzarien prrfcred followiag w4 0 Fass and incleded heswrology, warwn chentetey s s inalpate
tncivdud hlezd prawsurs, bwarn rizs, twapizenesy sass, and crsl cespsreture.
o all atady madsoation giedsd @I 24T BL WARET! ALY
aftar dosw,

lowad ad Libanon @b oalcer daent wabrfscte ranaznad

a] Srelcws [0 b} mwaplas wsrs vollestadop to t h beforw doss oo Dep 1.

At Subjeres givan Yrusteese A festad frae 10 b befose dows onctl lunch oo Ny 1) msbiestse givens Traetnens 5 owwaw guven s hizhe Fae
bremkfamt 20 Cay I &t G230 130 A5 bafcrs the doss]:; subjscsy giuss Toasxtosnt © weee givaen o high-€o brealfast co Say 3 oan

b bmfsrm the dosei .

crmad witkin 3 dmyw af rrody copdssicn ey o of Treskmenk fuwrics 10

What are the Main Findings from Study # 1002:

s Food reduced the absorption of FEX by approximately 50 % (42% for AUC and 54% for

Cmax), regardiess of timing of food ingestion as described in this study (Table 4.2.2.3 and
Figure 4.2.2.1).

e However, food had no effect on PSE component of Allegra-D 24 (Table 4.2.2.3 and Figure
4.2.2.2)

Appears This Way
On Original

C:dmautop\temp\reviewfinal.doc 48

Ado? ojqissod 1sog




Table 4.2.2.3. Effect of food on FEX and PSE (Treatments: A=fasting, B= 30 min after
food, and C: 1.5 h after food) (study # 1002).

Gaomstric LS Mean Traatmant Comparisons
Paratnetor Rerfor e Test Test Hean
[units) Trt A {s] B [a] TriC fa} Ratio [b){%) S0% C1
Fexofanadine
AUC{Gon} 3930.4 22969 21782 BiA =58.4 {61 0-66.9}
(ng-himL) CIA=654 (48.3 -~ 636)
ALKC{D-jast) 38120 21318 19958 BA =559 (48.9 - 63.4)
(ng-hsmL CIA=52.4 (45.8 - 59.9)
Crax B257 286 8 267.0 BiA =458 (37.9- 554}
{ng/ml.) C/A=427 {353 —61.6)
trvean fC] 20 25 30 - -
(hy C ]
Pseudosphedrinie
ALC{D-m) 7683.1 6972.0 [d} BiA =807 (878-938)
(ng-RimL)
ALCIHast) 75210 67682 [dF BiA =800 (87.1—93.0)
{ng himL)
Cmax 3846 3510 [d} BiA =612 {B6.2 - 95.8}
{ng/mlL}
terax fc] 8.6 12.0 fdl - -
{h C a

{s] TLA: single fexofensding HC| 180 mg-pasudsaphediine HUS 240 my tablet administensd urdar Exating conditiarma.
Trt8: single fexofenadine HCI 180 mp-pesud asphedrine HCI 245 g tablet admindatared 30 min after start of 8 higiv
st braakiast

T C: single feuafenadine HC1 160 mg-pasuciosphedrine HCI 240 my tablet administered 1.5 h afier shart of 3 high-
fat bresidast

b} Rabie = Geornetr: LS mean test! geometrs LS fean nefarence.
fe] Wmax pessanted as madisn sad rangs
fd} No dats. pescdosphadeioe for Tt G vas pot quanitsied

FEX and PSE Plasma Concentration-Time Profiles (study # 1002)
(Note blood samples for treatment C were not quantified)

Figure 4.2.2.1 (FEX)

Figure 4.2.2.2 PSE
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4.2.3 Study # KA467:

This is a pilot BE/BA study conducted as a single dose two-way crossover in 12 healthy male

subjects. In this study a prototype formulation for Allegra-D 24 was used. Subjects received the
following treatments with 7 days washout period:

Treatment A (Test): A single dose of Allegra-D 24.

Treatment B (Reference): Fexofenadine 180 mg IR (Allegra) tablet and 240 mg

pseudoephedrine (Sudafed® 24 hour, Warner-Lambert) ER tablet co-administered as a single
dose.

This study was similar to the single dose arm of the pivotal BE study described above

(#M1064555/1001). Therefore, this study will not be extensively reviewed. Blood samples werc
collected over 96 hours.

What are the Main Findings in Study # KA467?

o The upper limits of the 90% CI for Cmax and AUC of both FEX and PSE were above the BE
limits of 125% (Tables 4.2.3.1 and 4.2.3.2)

¢ Interms of the plasma concentration-time profiles, it appears that the FEX levels for the test
and reference formulation are comparable (Figure 4.2.3.1), whereas for the PSE is
consistently higher than the reference (Figure 4.2.3.2).
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Table 4.2.3.1 Summary of PK Data for FEX (study # KA467)

Least-Squares Means | 90%, Confideunce Interval *
Parnmyefer Test Reference | Ratia’ | Power’® Lower Upper
ag,chr'};:u 3009 2797 1.076 0.58 0.924 1228
31255?;1) 3056 2834 1.078 0.60 0930 1.226
&:m) 488 456 {070 0.47 0.895 1.245
;l‘hrg:r‘; 233 2.08 i.120 0.1 -
{%um 0035 | 00577 | 0928 035 - -
gg*ur) 15.0 129 1166 0.18 - T
Log-Transformed: —_i
abmn | 635 | 1097 | 065 0.938 1.283
g}lg_ﬁf\',‘rf‘,} 2938 2673 1.099 0.67 0.944 1280
g) 458 427 1072 0.51 0.392 1.288

1. Least-squares geomctric means for log-transformed data.
2. Ratio calculated a3 Tewt loast-squares mean Sivided by the Reference least-squares mean. None of

the comparisons was detected & statistically significant by ANOVA (6=0.05).
3 Power to detect a difference of 20% of the Reference mean or a ratio of 125 (lop-transformed

resulis).

4. Confidence interval o the satio.

Appears This way

On Original

C:\dmautop\temp\reviewfinal. doc

51




Table 4.2.3.2 Summary of PK Data for PSE (study # KA467)

Least-Squares Means * $0% Confidence Interval ¢
Parameter | Test Refercnce | Ratio? | Power? Lower Upper
WSIEEEN, CrRSll s Rt s PR v 3 Nt L
Ay | 6029 5391 BRIt 0.72 0.989 1.247
Aty | 6% 5570 a2 | om Lot 12712
((::@:1) zc;m 242 1.10} 0.82 0.987 :2 l-S
_?l‘l‘;;r’; 132 B 136 07‘3;69 0.32 ~§
5§hm) 00867 o.eawés 0.999 Oiglw M . -
&lw) 8.19 s: 8 1002 0.68 -
Log-Transformed:
&‘;ﬁ&:u 5823 5143 [.132 0.79 0.992 1.292
agf:“;l} 6179 5336 i.158 0T LO12 1.325
grgl}m) 259 233 1110 097 1.012 1218

i. Least-squares goometric mearns for log-transformed data.
2. Ratio calculated as Test least-squares mean divided by the Reference Jeast-squares mean, None of

the comparisons was detected as statistically significant by ANQVA (o~0.05).

3 Power o detect 4 difference of 2085 of the Reference mican or a ratio of .25 (log-transformed

results),

4, Confidence interval on the ratio.

Appears This Way
On Original

C:dmautop\temp\reviewfinal doc

52



Figure 4.2.3.1 Mean FEX Plasma Concentration-Time Profile (Study # KA467)
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Figure 4.2.3.2 Mean PSE Plasma Concentration-Time Profile (Study # KA467)
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4.2.4 In vitro In Vive Correlation (IVIVC) Analysis/Report.

The objectives of the IVIVC analysis were:

o To describe the relationship between the in vitro dissolution and in vivo absorption profiles
of psedudoephedrine from the Allegra-D 24 tablet.

e To assess the internal and external predictability of the in vivo behavior of PSE from the
extended release tablet.

e To determine the control limits of dissolution specifications for PSE from the extended
release tablet.

Based on OCPB comments at the pre-NDA meeting, the sponsor has validated the IVIVC
method. IVIVC was used by the sponsor as a tool to determine in-vivo performance from in-vitro
dissolution. For IVIVC analysis the sponsor used the in vivo absorption data from the above
described pivotal BE study (#M016455S/1001).

How the IVIVC Was Performed?

The sponsor followed the Agency’s guidelines to establish the IVIVC. Hence, it is briefly
described below. .

e This was carried out using in-vitro dissolution and in vive absorption data from the test lot
used in the pivotal bicequivalence study #1001. This lot was the to-be-marketed product
manufactured at production scale in the commercial product manufacturing facilities.

e For Level A correlation, a deconvolution method was applied to the PK data followed by
comparison of the fraction of drug absorbed in-vivo to the fraction of drug dissolved in-vitro
(i.e., two-stage procedure).

e In-vitro dissolution data were fitted to a cumulative Weibull distribution function. The
percent of drug released relative to the amount released at infinity was interpolated at each
PK sampling time point in study M0164555/1001.

e The in-vivo absorption profile of PSE (percent absorbed-time curve) was calculated from the
mean plasma concentration-time curve according to Wagner-Nelson method, which assumes
a one-compartment model with first order elimination rate. A direct linear (1:1) relationship
was then explored between the in-vitro fractional dissolution rate and the in-vivo absorption
ratc.

e The internal predictability of the model, calculated as percent prediction error (%PE), was
evaluated by comparing the model predicted parameters (Cmax and AUCOQ-c0) with those
from study #1001, which was used to define the IVIVC.

¢ The external predictability of the model was evaluated by comparing the model predicted
parameters with those from an independent test data set that was not used to define the
IVIVC. The PK data from the fasted arm of the food effect study #1002, was used for this
purpose.

¢ A simple PK model based on a one-compartment model with the absorption rate calculated
using the Weibull function was developed in order to describe the individual and average
plasma concentration-time profile of PSE. Dissolution specifications were determined using
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an iterative simulation approach based on the premise that the lots exhibiting dissolution
profiles at the upper and lower dissolution limits would be bioequivalent (90% CI for
treatment ratios within 80.00% to 125.00%) to the reference lot {Sudafed 24 Hour Tablets)
used in the pivotal bioequivalence (Study # 1001).

The rationale for the selection of Sudafed 24 Hour as the reference was based on the fact that
it has a similar drug delivery mechanism, € 3 as the to-be-marketed
formulation.

What are the Main Findings of IVIVC Analysis?

For the tested lot (#1054547), the in vitro dissolution data showed almost a complete
dissolution (96%) by 23 hours (Table 4.2.3.1).

There was a linear relationship between the fraction of PSE absorbed and the fraction of drug
dissolved with 12 = 0.998 and slope of 0.9873 (Figure 4.2.3.1). This is consistent with level
A correlation (point-to-point relationship).

The negative y intercept was due to the absorption lag time (1 hour) following oral
administration of the extended release tablet. No time scaling factors were necessary.

The cumulative in vivo % absorbed and in vitro % dissolved were 92.66% and 96.62% by 24
hours, respectively (Table 4.2.3.2).

There was excellent relationship between observed in vitro dissolution data and model
predicted fit (Figure 4.2.3.2).

In addition, there was a good relationship between observed in vivo plasma concentration-
time profiles obtained form study # 1001 and predicted in vitro data (Table 4.2.3.3 and
Figure 4.2.3.3).

The simulated concentrations for the lower and upper dissolution limits are shown in Table
4.2.3.4 . For Cmax, the lower and upper limit is 357 ng/ml for the reference, 325 ng/ml and
422 ng/ml for the test respectively (Table 4.2.3.5).

The average absolute percent prediction error (%PE) for Cmax and AUC{0-c0) was less than
6% when evaluated against internal or external data (Table 4.2.3.6).

Based on these observations the sponsor proposed BE dissolution limits for PSE as shown in
Table 4.2.3.7.
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Table 4.2.3.1. In vitro Dissolution Data for Lot # 1054547

Time (hr)
Tablet 075 3 7 11 15 23

1

, L

3

4

5

B

7

g

9

10

1

12
Mean 02 200 52.7 76.3 83.0 96.1
sD NA 18 33 30 20 14
Min C 3
Maedian 0.0 200 53.0 765 88.0 96.0
Max L a
CV% NA 9.0 6.3 3.9 22 14

SD- Standard deviation;, Min- Minimam: Max- Maximum; CV?% - Coefficient of varation

Figure 4.2.3.1. Fraction of PSE Absorbed

and Fraction dissolved
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Table 4.2.3.2 Cumulative Absorption in vive and Disselved Fraction in vitro

Time In-vivo In-vitro
(hr) % Absorbed % Dissolved
0.0 .00 0.00
0.5 0.00 0.00

1.0 0.03 215
1.5 1.42 593
2.0 4.62 10.23
30 12.75 19.46
4.0 21.04 2877
6.0 39.61 4598
8.0 5457 60.22
12.0 74.44 79.57
16.0 8682 89.72
24.0 92.66 96.62

«  In-vivo data % were obtatned fromy Wagner-Nelson analysis
+  In-vitro data %o were obtained from fitting diszolution data to Weibull function and the percent of drug released
was interpolated at each pharmacokinetic sampling time point in study MO164335/1001

Appears This Way
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Table 4.2.3.3 Model Predicted and Observed Plasma Concentrations from Study # 1001

Time (hr) Concentration + S.D. (ng/mL)
Observed Predicted
0.0 0.0+ 0.0 0.0+0.0
0.5 0.0+ 0.0 0.0+0.0
Lo 03114 08423
1.5 128493 1091111
20 40.8 £ 19.5 36.3 L 203
30 107.5 £ 369 103.9 4 34.1
4.0 168.5 £ 48.4 173.5 + 46.5
6.0 288.4 4 09.1 28691 711
8.0 3541+ 938 355.3:: 88.8
12.0 373.6 + 108.8 379.2 + 1011
16.0 3294+ 105.0 3204 £ 951
24.0 161.8 £ 65.2 168.9 + 68.7
36.0 579+ 153 5054+ 34.5
48.0 4.4+ 145 15.1 £ 15.6
72.0 45+ 10.4 1.7+29

Observed data olstained from averaging the individuatl data in study M0164555/1001

Predicied data obtained from averaging the model predictions from individual fits

Figure 4.2.3.3. PK Fit of the Predicated and Observed Data From Study # 1001
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Table 4.2.3.4 Simulated Concentrations for the Lower and Upper Dissolution Limits

Time Concentration (ng/mL})
(hr) Mean + SD
Lower Upper
{(n=060) {n=60)
0 0.0200 0.0+£0.0
0.5 0.0+0.0 0.0+ 0.0
1 03214 1.2 228
1.5 6.1 72 229162
2 185+ 1227 684 £ 314
3 511+ 225 1660 + 52.4
4 84.4 1 30.0 2439 + 64.9
6 180.5+ 45.0 370.1 + 883
8 2516 = 69.6 4197 + 110.5
12 316.3+91.4 393.6 + 116.9
16 313.7 947 322.0 = 108.2
24 171.0 £ 62.1 143.9 £ 64.4
36 61.2+ 353 52.34 33,
48 ISEx 145 1312 13.6
72 4.6 = 10.4 452103

individual plasma conceniration-time profiles werz simulated using the IVIVC model; individual residuals were
obtained from individual compartmental analysis of the test lot used in the pivotzl bioequivalence study,

MO 164358/1001,

Table 4.2.3.5 PSE PK Parameters Based on Simulated Lower and Upper Dissolution

Profiles
Parameter Units Reference Test Ratio 90% Confidence Interval
Lower Limit
Craax ng/ml 357.3 3253 91.05 87.15-95.12
AUCo, ng*h/ml. 8068.8 68953 85.46 81.66 - 89.43
AUCow ng*h/mt 8253.1 6971.3 84.47 80.68 - 88.44
Upper Limit
Cnax ng/mL 3573 422.0 118.31 113.27-123.14
AUCq, ng*h/mL 8068.8 79769 98.86 94.46 - 103.47
AlUCy. ng*h/mL 8253.1 81583 98.85 94.44 - 103.46
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Table 4.2.3.6 Internal and External Predictability of the IVIVC Model

Parameter Internal Data internal External Data External
(MBI16453571001) Predictability {MO164555/1002) Predictability

(%oPE) (26PE)
Conax (ng'mL)
Geometric LSM 3300, ) 1.05%

Arithmetic 3.63% ) 368%
Mean Profile -1.507, 385, 1.64%

AlUC po) (ng*h/mL)
Geometric LSM 7826.6 -3.259%,
Anthmetic 82204 {69,

Mean Profile 21919 1.35%, 7846.0 -3.00%

Prediction Errors (%PE) Caleulated for Predicted vs. Observed Parameters

L.SM- Least squares mean

Intemnal prediciability evaluated using data from the test lot of study M0164555/1001
External predictability evaluated using data from the fasted arm of study MO164558/1002

Table 4.2.3.7 Proposed BE Dissolution Limits for PSE

TIME MINIMUM MAXIMUM
(hr) (%) (%)
3 L | 3
7 [ 1
23 Not lessthan T 7]
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Conclusions from FVIVC Analysis:

e Based on the submitted data it can be concluded that IVIVC may be used be used as a
surrogate for bioequivalence.

e IVIVC can be used to set the dissolution specifications for PSE proposed formulation in this
NDA.

e The dissolution specifications proposed by the sponsor are acceptabic.
4.2.5 Clinical Reports:
4.2.5.1 Effect of Grapefruit and Orange Juice

In July 19, 2004, the sponsor submitied additional studies related to the effect of grapefruit juice
and apple juice on the PK of FEX (Table 2.7.3.1). These studies were originally requested from
the sponsor at the End of Phase II meeting held in January 29, 2002. Therefore, the sponsor was
reminded after the 45 Day filing meeting with a letter dated March 2, 2004. As shown in Table
2.7.3, the sponsor submitted studies to evaluate the effect grapefruit juice and orange juice on the
phamacodynamic-PD (as measured via skin whale and flare) rather than exposure as measure by
the classical PK parameters (Cmax or AUC). Also the sponsor did not provide information on
the effect of apple juice, but rather used orange juice instead.

Table 4.2.5.1.1 List of Studies Submitted in July 19, 2004 fort the Effect of Juice of the PK
of FEX

Study # Design Monitored Parameters

4141 *Single dose, crossover PD study +Skin wheal and flare
«Grapefruit juice vs water *No PK samples
«N=20 healthy subjects

4143 *Double-blind, single dose, crossover PD study, +Skin wheal and flarc
placebo controlled *Sparse blood samples for
*Grapefruit juice vs water Pop PK
*N=23 healthy subjects

4144 *Double-blind, single dose, crossover PD study, *Skin wheal and flare
placebo controlled *Sparse blood samples for
*Orange juice vs placebo
*N=34 healthy subjects

Pop PK Analysis of spares PK samples

Literature | Review of relevant literature
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4.2.5.1.1 Study # 4141
What is the Main Objective?

The primary objective of the study was to investigate if there was an effect of grapefruit juice on
FEX inhibition of induced wheals and flares.

What is the Study Design?

This was a randomized, open-label, single-dose, single-center, crossover study in 20 healthy
volunteers. There were two treatments with a washout period of 7 days as follows:

Treatment Group Perlod 1 Washout Period 2
A Faxoterssdne 180 mg with Ed Fexofenadine 180 my with
Boz of wabsr - 8oz, of grapefrlt juice
B Fexoteradine 160 mg wiih =3 Fexofenaduye 150 mg witty
B or. of grapefruit julce 8oz, of wster

How Histamine Induced Wheals and Flares Test Was Performed?

¢ Epicutaneous tests were performed with 10 mg/mL histamine phosphate administered by the
prick test method.

o The tests for wheal and flare were performed at 1, 1.5, 2, 3, 4, and 8 hours after dosing.

s A different site on the volar surfaces of the forcarm was used for each test, with the sequence
of sites being the same for each subject.

o Wheal and flare arcas were measured using a tape applied to the skin surface over the
affected area on which a tracing was made. Each tape was removed and applied to a clear,
solid plastic surface for analysis. After being scanned into the computer, each traced wheal
and flare area was analyzed by computer software designed for these analyses.

What Parameters were Monitored?

¢ No PK samples were collected in this study.
s Skin wheal and flare measurements were performed.

How the Data was Analyzed?
The area under the percent suppression and time curve (AUEC 0-8) was analyzed by analysis of
variance (ANOVA). Data were log transformed before analysis to support the maintenance of a

normal distribution. Treatments were considered equivalent if geometric mean ratios of FEX
with grapefruit juice/FEX alone fell within 80% to 120%.
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What are the Main Findings from Study 41417

It appears that grapefruit juice increases the wheal and flare areas when administered with
FEX (Figures 4.2.5.1.1.1 and 4.2.5.1.1.2 and Table 4.2.5.1.1.1).

Thus, grapefruit juice may increases the histamine release and therefore reduces the effect of
FEX.

The geometric mean area under the effect curve (AUEC) for wheal was 0.988 cm2 with
administration of grapefruit juice and 0.687 cm2 without grapefruit juice (Table 4.2.5.1.1.1 ).
Wheal areas were significantly larger after the administration of grapefruit juice (p = 0.046).
A total of 12/20 (60%) of subjects with coadministration of grapefruit juice and 14/20 (70%)
with no grapefruit juice reached total suppression for wheal, defined as 95% suppression
compared with baseline. For both wheal and flare, predose areas were used as baseline
values.

Mean time to total suppression of wheal for subjects receiving grapefruit juice was 3.75
hours compared with 2.46 hours for those who did not receive grapefruit juice.

Mean time to suppression for flare was 3.8 hours for subjects who received grapefruit juice
and 3.04 hours for those who did not.

There is a wide variability in the data (Figures 4.2.5.1.1.1 and 4.2.5.1.1.2).

Mean (SD) Wheal and Flare Areas as a Percentage of Baseline Value (n=20) (Study # 4141)

Figure 4.2.5.1.1.1 (Wheal) Figure 4.2.5.1.1.2 (Flare)
Mean Wheal Area Mean Flare Area
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Table 4.2.5.1.1.1 Comparison of AUEC Following FEX With Grapefruit Juice or Water
(Study # 4141)

Geometric Mean Arsa
Yartabls Grapafruit HA (em®} GMR 95% P valos
duics fem?) Confidence
Interval
Flxe 13954 11710 1.19 077185 04N
Wheal 0988 0.687 1.44 1.01-206 0.046

Conclusions from Study #4141:

e It appears that grapefiuit juice increascs the wheal and flare areas when administered with
FEX.

¢ Thus, grapefruit juice may increases the histamine release and therefore reduces the effect of
FEX.

Reviewers Comments on Study # 4141:

¢ From the OCPB point of view, this study was irrelevant to the original request that was made
at the End-of-Phase 2 meeting.

¢ See also the overall comments at the end of this section related to the effect of grapefruit
Juice series of studies.

4.2.5.1.2 Study # 4143
What is the Main Objective?

The primary objective of the study was to compare the effect of a single dose of FEX 180 mg
plus grapefruit juice versus placebo plus grapefruit juice on the change from baseline (pre-dose)
in histamine skin wheals and flares at 20, 40, and 60 minutes post-dose; then hourly through the
first 12 hours post-dose; and 23 and 24 hours post-dose.

What is the Study Design?

This was a randomized, single-dose, single-center, crossover, placebo controlled study in 34
healthy volunteers. The procedures for the determination of skin tests for wheals and flares are
the similar to that described in the above study (#4141). There were two treatments with a
washout period of 14 days as follows.

Treatment A: FEX 180 mg tablet with 8 oz regular strength grapefruit juice
Treatment B: Placebo tablet (matching FEX) with 8 oz regular strength grapefruit juice
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What Parameters were Monitored?

e Skin wheal and flare measurements were performed at pre-dose, 20 min, 40 min, 60 min, and
hourly through 12 hours with an additional 2 time points obtained at Hours 23 and 24.

¢ 4 plasma samples per subjects were collected for Pop PK analysis at the following time
points:

o One sample between 0.5 and 6 hours post-dose during Visit 2.

One sample at 22-24 hours post-dose on Visit 3

One sample between 0.5 and 6 hours post-dose during Visit 4

One sample at 22-24 hours post-dose on Visit 5

0 00

What are the Main Findings from Study 4143?

e FEX plus grapefruit juice had significantly greater suppression of histamine induced wheals
and flares than placebo plus grapefruit juice at almost all time points.
e Pop PK analysis will be discussed in a separatc scction below (see section 4.2.5.1.4)

Conclusions from Study #4143:

FEX with grapefruit juice suppress wheals and flares in a greater extent than placebo with
grapefruit juice.

4.2.5.1.3 Study # 4144
This is almost a duplicate study as that of study # 4143.

The objective and design of this study was exactly the same as the above study # 4143, except
that orange juice was administered with FEX or its match placebo tablet, instead of grapefruit
juice. The number of subjects was also the same (i.e., 34). Efficacy end points (wheals and
flares) and PK spares sampling time points were also the same as study # 4143. The main results
and conclusions are of similar trend as that of study #4143.

Reviewers Comments on Study # 4144:

The observed effects are due to FEX alone rather than grapefruit juice or orange juice.
Specifically for this study and the previous study # 4143, the sponsor did not adequately test
the effect of juices on the formation of wheals and flares.

¢ The bottom line is that, in these studies, the sponsor tested the effect of FEX on the
suppression of wheals and flares compared to placebo. Therefore, the addition of juices was
of little value in these studies, unless the sponsor included a third arm with water as a
comparator for the juices.
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4.2.5.1.4 Pop PK Report

What Was the Objective?

The main objective of this analysis is to obtain an estimate of the change in FEX exposure when
concurrently administered with grapefruit and orange juice.

How the Analysis were Performed?

This is a meta-analysis to estimate the effzct of fruit juice on FEX exposurc. This analysis was
based on the data from the above two clinical studies (# 4143 and 4144). The data from the BE

study # 1001 were included in the pooled analysis as control dataset to provide PK information
in a similar population given concurrently with water.

It is important to note that the Pop PK analysis was performed on a combined juice dataset
without regard to type of juice used in the individual study. The reason for this approach 1s that
the sample size is too small in each study as well as the data was comparable following both
juices. There were a total of 112 subjects in this analysis with 1194 concentration observations.

What are the Main Findings from the Pop PK Analysis?

¢ The individual observed plasma concentration-time data points from the three clinical studies

are shown in Figure 4.2.5.1.4.1.
e Overall, the relative bioavailability of FEX was reduced by a mean of 36% in the presence of
grapefruit or orange juice (Table 4.2.5.1.4.1).
FEX apparent clearance appears to be higher following grapefruit juice (56%) and orange
Juice (72%) compared to water (50%) (Table 4.2.5.1.4.2 and Figure 4.2.5.1.4.2).
The sponsor believes that the differences observed in exposure may be due to inter-study

factors other than juice since data were not available on test and reference treatments within a
single study, or within each individual.
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Figure 4.2.5.1.4.1. Individual Observed Plasma of FEX Concentration-time Points
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Figure 4.2.5.1.4.2. Pooled Clearance estimate by treatment
(Studies # 1001 with water, 4143 with grapefruit juice and 4144 with orange juice)
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Figure 4.2.5.1.4.2. Mean Apparent Clearance from Individnal Studies
Clpe (1./h} Protacol Protocol Pratocol
MO164555/1001 MO16455A/4143 MOI16455A/4144
{No juice) (Grapefruit juice) (Orange juice)
N 08 23 21
Mecan 3034 75.69 71.55
SD £3.84 15.48 14.74
Min 2474 41.07 32.96
Median 4940 77.91 72.74
Max 80.34 102,16 91.68
ICves 27.30 20.50 20.60
95% CI Lower Mean 46.99 68.99 64 84
95% C1 Upper Mean 53.69 82139 78.26

Overall Conclusions and Comments on all Effect of Juices Studies.

¢ Based on three studies, it appears that grapefruit juice and organ juice reduce the effect of

FEX.

Both grapefruit juice and orange juice appears to have comparable effects.
Based on Pop PK analysis, the exposure to FEX appears to be reduced by approximately
36% with both grapefruit juice and orange juice.

¢ The sponsor did not adequately study the effect of grapefruit juice and apple juice on the PK

of FEX as originally recommended by the Agency.

¢ The data from grapefruit juice and orange juice can not be extrapolated to apple juice, unless

the sponsor provides adequate supportive information.
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e From OCPB and PK perspective, the studies provided by the sponsor on the effect of juices
are considered insufficient to conclude adequate effect on FEX exposure.

4.2.5.2. Crossed Referenced Studies

e Study# M106455B/3081: This study was completed as part of the previous NDA 20-872 to
support the approval of FEX 180 mg QD. It was a double blind, randomized, placebo
controlled, parallel group study comparing the efficacy and safety of FEX 120 mg and 180
mg QD in the treatment of allergic rhinitis.

¢ The sponsor also included summaries of relevant studies previously submitted under NDAs #

20-625, 20-972, and 20-786.
¢ Long term safety from the previously submitted clinical study # PIJPR0027.
For these studies, please medical Officer’s review

4.3 Consult Review (Pharmacometric Consult)

No pharmacometric consult is applicable to this NDA.
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This NDA is for a new combination product containing immediate release fexofenadine HCI 180
mg and extended release pseudophedrine (PSE) HCI 240 mg for once daily use (Allegra-D 24®).

Originally, fexofenadine was approved for seasonal allergic rhinttis in the US at a dose of 60 mg
BID in July 25, 1996 (NDA # 20-625) and subsequently on February 25, 2000 was approved for
the same indication at a dose of 180 mg OQD, three times the previously approved dose (NDA#
20-872). In addition, the a fixed dose combination of fexofenadine 60 mg and pseudoephedrine
120 mg BID product was approved on December 24, 1997 as Allegra-D extended releasc tablet
for the same indication (NDA #20-786). Therefore, this NDA can be considered as an extension
of the currently marketed Allegra-D fixed dose combination tablet. There are three main
differences between the two products:

a) Allegra-D approved for twice daily administration, whercas Allegra-D 24 is proposcd for once
daily administration.

b) The total dose in the new product for each component (180 mg/240 mg) is 2-3 times higher
than the currently approved dose for Allegra-D (60 mg/120 mg).

c) The formulation technology is different in each product. For Allegra-D 24 pseudocphedrine
component is slowly released from the tablet T B o 3 while
immediate release [ 3 technology is used for the release of fexofenadine from the tablet L1
(see details below). This release technology was not used in the development of the currently
approved Allegra-D formulation.

What is the new Formulation?

The formulation consists of [

J

Figure 1. Schematic Illustration of the New Allegra-D 24® Tablet
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What is the Mechanism of Drug Release?

The core tablet includes the active ingredient PSE HCI, USP . L

What is the Indication?

Allegra-D is an antihistamine/decongestant for the relieve of seasonal allergic rhinitis (SAR) .T

Jin adult and children =>12 years of age. The sponsor is sceking approval of

Allegra-D 24 —— for the same indication as for Allegra-D (BID).

What is the Historical Background of the NDA?

A. End-of-Phase I1 Meeting:

An End of Phase Il meeting was held with the sponsor on January 29, 2002 (IND# 48,486). From
the clinical pharmacology perspective, the following main comments were conveyed to the
sponsor at that meeting:

The inclusion of female subjects in the proposed studies (the sponsor proposed exclusion of
females). -

The sponsor was advised to use the final to-be-marketed formulation in the proposed studies,
otherwise a link would be necessary.

Collecting blood samples for the determination of Cpp.

Monitoring appropriate safety endpoints.

Optimizing the dissolution method with specifications for each component.

The sponsor was advised to conduct the BE study following a single and multiple doses and
the food effect study after a single dose.

The 90% CI for Cmax in the effect of food study should be set to 80%-125%.

It was recommended to the sponsor to study the effect of grapefruit juice and apple juice on
the bioavailability of fexofenadine. .

The sponsor was advised to open a new IND for Allegra-D 24. This is because the drug
release technology in the new formulation is different from that of the currently approved
Allegra-D. Therefore, in early 2003, the sponsor opened a new IND with a pivotal
bioequivalence study (#66,289, N00Q)
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B. Pre-NDA Meeting

The Pre-NDA meeting was held with the sponsor on August 27, 2003. From OCPB perspective,
here are the main comments:

o In addition to other PK parameters listed in the proposed format, the sponsor was requested
to also include Tmax and T % for each component following a single dosc and at steady state
(Cav), and degree of fluctnation (Cpax—-Cnin /Cay) for each component.

e JVIVC should be validated before it can be used to set dissolution specifications.

What Studies Are Submitted in the Current NDA:
A. PK Studies:

No new efficacy or safety studies have been conducted with Aliegra-D 24 formulation. However,
the sponsor submitted three main PK studies and IVIVC analysis. These studies are briefly
described below:

1) Study # M1064555/1001:

This is a pivotal, single and multiple dose (steady-state) BE study in healthy subjects. This
was two-way crossover study in approximately 70 subjects. Each subject received the
following treatments:

Treatment A (Test): The final to-be-marketed formulation of Allegra-D 24 (fexofenadine
180 mg/pseudoephedrine 240 mg ER) tablet as a single dose followed by once daily dosing
for 6 days under fasting conditions.

Treatment B (Reference): Fexofenadine 180 mg IR (Allegra) tablet and 240 mg
pseudoephedrine (Sudafed® 24 hour, Wamer-Lambert) ER tablet coadministered as a single
dose followed by once daily for 6 days.

Blood samples were collected over 72 hours and 24 hours following a single dose
administration and after the last dose on day 9, respectively. In addition, trough levels were
monitored during the multiple dose phase of the study on Days 4-9. The plasma
concentration of each component was determined in this study.

2) Study # M1064555/1002:

This is an open label, three-way crossover, three-way treatment, randomized study to assess
the effect of food on the PK of Allegra-D 24 in 24 healthy subjects. This was conducted
using the final-to-be marketed formulation. All subjects received the following treatments
with at least 6 days washout period:

Treatment A: A single dose of Allegra-D 24 under fasting condition.
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Treatment B: A single dose of Allegra-D 24 administered under standard conditions for
food effect evaluation according to the FDA guidance.

Treatment C: A single dose of Allegra-D 24 administered | hour after a high-fat breakfast.
3) Study # KA467:

This is a pilot BE/BA study conducted as a single dose two-way crossover in 12 healthy male
subjects. In this study a prototype formulation for Allegra-I> 24 was used. Subjects received the
following treatments with 7 days washout period:

Treatment A (Test): A single dose of Allegra-D 24.

Treatment B (Reference): Fexofenadine 180 mg IR (Allegra) tablet and 240 mg
pscudoephedrine (Sudafed® 24 hour, Warner-Lambert) ER tablet coadministered as a single
dose.

This study is similar to the single dose arm of the pivotal BE study described above
(#M1064555/1001). Therefore, this study will not be extensively reviewed.

3) IVIVC analysis/report.

The objectives of the IVIVC analysis were:

* To describe the relationship between the in vitro dissolution and in vivo absorption profiles
of psedudoephedrine from the Allegra-D 24 tablet.

¢ To assess the internal and external predictability of the in vive behavior of pseudoephedrine
from the extended release tablet.

¢ To determine the control limits of dissolution specifications for pseudoephedrine from the
extended release tablet.

Based on OCPB comments at the pre-NDA meeting, the sponsor has validated the IVIVC
method. IVIVC will be used by the sponsor as a tool to determine in-vivo performance from in-
vitro dissolution. For IVIVC analysis the sponsor used the in vivo absorption data from the above
described pivotal BE study (#M0164555/1001).

B. Clinical Reports:

o Study# M106455B/3081: This study was completed as part of the previous NDA 20-872 to
support the approval of fexofenadine 180 mg QD. It was a double blind, randomized, placebo
controlled, parallel group study comparing the efficacy and safety of fexofenadine 120 mg
and 180 mg QD in the treatment of allergic rhinitis.

¢ The sponsor also included summaries of relevant studies previously submitted under NDAs #
20-625, 20-972, and 20-786.

* TLong term safety from the previously submitted clinical study # PTIPR0027.
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General Comments:

o The sponsor submitted all the information requested at the End-of-Phase II meeting and the
Pre-NDA meeting, except the effect of grapefruit juice and apple juice on the BA of both
components. Therefore, the sponsor should be contacted as early as possible during the
review cycle to check on the status of the effect grapefruit juice and apple juice studies.

RECOMMENDATION:

The NDA is fileable. See also the attached filing form.

Reviewer

Sayed (Sam) Al Habet, R.Ph., Ph.D.
Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaulation 11

Final version signed by Emmanuel Fadiran, R.Ph., Ph.D., Team Leader--

cc: HFD-570, HFD-870 { Al Habet, Fadiran, and Malinowski), Drug file (Biopharm Filc, Central
Document Room).

C:\dmautop\tempireviewfinal.doc 76



Office of Clinical Pharmacology and Biopharmaceutics
New Drug Application Filing and Review Form

General Information Aboot the Submission

Information Information
NDA Number 21-704 Brand Name Allegra-D 24
OCPB Division | HFD-870 Generic Name Fexofenadine190mg/Pseu
doephedrine 240mg
Medical Division ) HFD-570 Drug Class Antihistamine/
decongestant
QCPB Reviewer Sayed {Sam}) Al Habet, R.Ph., | Indication(s) Allergic rhinitis
Ph.D.
OCPB Team Leader Emmanue! (Tayo) Fadiran, Dosage Form Extended relsase tablet
. R.Ph., Ph.D.
Dosing Regimen Once daily
Date of Submission December 19, 2003 Route of Administration Oral
Estimated Due Date of GCPB Review | June 30, 2004 Sponser Aventis Pharmaceuticals
PDUFA Due Date QOctober 19, 2004 Priority Classification S
Division Due Date September 19, 2004
Clin. Pharm. and Biopharm. Information
“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and X
sufficient to locate reports, tables, data,
etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
I._Clinical Pharmacology
Mass balance:
Isozyme characterization:
Blood/plasma ratio:
Plasma protein binding:
Pharmacokinetics {e.g., Phase i) -
Healthy Voluniteers-
single dose: | X 1
multiple dose: { X 1
single dose: 1

multiple dose:

Dose proportionality -

fasling / non-fasting single dose:

fasting / non-fasling multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:

gender:

pediatrics:

genatrics:

renal impairment;

hepatic impairment:

PD:

Phase 2:

Phase 3
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PKIPD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

=

. Biopharmaceutics

Absciute bicavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioeguivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVCy:

Bio-wavier request based on BCS

BCS class

1ll. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacekinetics

Pediatric development plan

Literature References

Total Number of Studies

Filability and QBR comments

“X7 if yes Comments

Application filable ?

Reasons if the application js not filable (or an attachment it applicable)
Yes For exampie, 15 chneal fonmulation the same as the to-be-marketed one?

Comments sent to firm ?

Commnenls have been sent to firm (or attachment incladed) FDA teuer dare
it applicable.

QBR questions (key issues to he
considered)

This is an extension of the previously approved drug components with different
formulation technology and 2-3 times the strength of each component.

Other comments or information not
included above

The sponsor may need to be contacted to check on the status of the effect
grapefruit juice and apple juice on the BA of each drug component in the
proposed formulation,

Primary reviewer Signature and Date

Sayed (Sam) Al Habet, R.Ph., Ph.D.

Secondary reviewer Signature and Date

Emmanuel (Tayo} Fadiran, R.Ph., Ph.D.

CC: NDA HFD-570, HFD-870 (Al Habet, Fadiran, Malinowski), CDR (B. Murphy, biopharm file)
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This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

—_————— e e, ———

Sayed Al-Habet
9/24/04 01:40:30 PM
BIOPHARMACEUTICS

Emmanuel Fadiran
9/24/04 01:49:00 PM
BIOPHARMACEUTICS

I concur




